Haemodynamically unstable patients with pelvic fractures present a difficult management problem in accident and emergency (A&E) departments. There have been many reports supporting various treatment methods, though no prospective controlled trials of these different approaches have been undertaken. In this paper we shall review the evidence for the available treatment options and make recommendations for management of such patients in the United Kingdom.
Relevant publications were identified by a combination of techniques: a Medline search combining the terms "pelvic fracture" and "bleeding," then identifying relevant work from the abstract; scrutiny of the reference lists for all papers and examination of any likely to be relevant; personal communications leading to identification of two articles; and hand searching two journals with a high incidence of relevant papers. Only English language papers were used. Relevance to the topic was the only inclusion criterion. None of the papers reviewed was a controlled trial, though some involved experimental comparisons. Data were not combined since inclusion criteria were different in the different series.
The combination of pelvic ring fractures and hypotension following blunt trauma requires skilled and urgent management. A mortality rate of 42% has been reported for those patients with pelvic ring fractures who arrive haemodynamically unstable, compared with 3.4% for those arriving haemodynamically stable,' and nearly 40% of early deaths from pelvic fractures are due to uncontrollable haemorrhage.' Ninety eight per cent of patients with major pelvic fractures have multiple injuries3 and intra-abdominal injury occurs in 18-35%3; thus the patient may be exsanguinating from the pelvis, from abdominal organs, or both, yet the diagnosis or exclusion of significant intraperitoneal haemorrhage is difficult and time is short. An Bircher' : their model showed that even a 10 cm diastasis of the pubic symphysis, plus a 3 cm widening of a sacroiliac joint, will only increase true pelvic volume by 55%. In any case, the haemorrhage can be accommodated by tracking up the retroperitoneal space, where a collection of up to 4 litres has been described. '4 Management options External fixation may be anterior or posterior. Anterior externalfixation involves using a simple anterior metal frame fixed to the ilium with pins. This can be applied in the resuscitation room or operating theatre in 20 to 30 minutes by a competently trained doctor of any grade or background, and aims to tamponade the bleeding by reducing the pelvic volume and opposing fractured bone ends. Posterior external fixation is achieved by direct compression of the sacroiliac joints with a "C" clamp. 6 Internalfixation is the strongest way to stabilise fractures in the pelvis. This has been used in conjunction with direct surgical control and packing by some European surgeons to control haemorrhage if external fixation is ineffective or as the primary method of haemorrhage control.
The pneumatic antishock garment is rarely used in the United Kingdom but seeks to achieve a reduction in pelvic volume and tamponade of abdomen, pelvis, and lower limbs by the inflation of various compartments of the suit with compressed air.
Angiography and embolisation is favoured by some American surgeons, but is infrequently used in Europe. This involves the identification of bleeding sites by a percutaneous approach and injection of Gelfoam or other material into the relevant artery to occlude it proximal to the bleeding-a highly skilled and time consuming procedure.
EXTERNAL FIXATION
All the published work on external fixation is either retrospective or was carried out on cadavers, and this should be borne in mind in assessing the evidence below.
The application of external fixation is recommended by most clinicians, though to varying degrees. An exception is Gruen et al, '6 who prefer "early" open reduction and internal fixation, never using external fixation, while others such as Mucha and Welch'7 use it acutely only in open book type fractures.
There are several publications claiming that overall mortality in bleeding pelvic fractures may be improved by the use of external fixation. Gylling et al"l reported results from three years' experience using "immediate" external fixation on all major unstable pelvic fractures; the mortality in these 26 patients was 12%, the same as in 40 with stable fractures treated without any fixation. As this figure is much lower than in other series,'7-"9 the authors conclude external fixation is likely to decrease mortality. However, "immediate" meant within 24 hours of admission, and the paper gave no evidence of a reduction in haemorrhage, for example by a decrease in transfusion requirements after fixation.
Moreno et al2 claim just such a decrease in their retrospective review. Nineteen patients with a variety of pelvic fractures, all requiring more than six units of blood in the first 24 hours, were treated with external fixation for haemorrhage control: "bleeding was controlled" in 18/19 (95%), with a drop in mean transfusion requirements from 7.4 units to 3.7 after fixation. Unfortunately, very little detail is offered on this aspect of the paper, and the accuracy and timing of data obtained from retrospective review must be treated with caution.
Riemer et al'2 found a decrease in mortality in patients with pelvic fractures after the introduction of a protocol for early mobilisation and external fixation; however, the timing of the external fixation was variable and it was often performed to aid mobilisation rather than to reduce blood loss. Again this is a retrospective review and many other factors could have contributed to the fall in mortality.
External fixation may not be appropriate for all pelvic fractures. There is consensus that it is the treatment of choice in "open book" fractures, where an anterior frame will "close the book" effectively. Multidirectional fracture displacement will not be as well controlled by an anterior frame, and Mucha and Welch'7 believe that using anterior frames in such patients will "do more harm than good." Tile,20 however, believes a reduction in bleeding is still achieved, perhaps by reducing pelvic volume and tamponade.
Using an anterior frame in lateral compression type fractures could be detrimental by increasing medial rotation and displacement of the fragments.2 6 21 Mucha and Welch'7 state that anterior frames will be detrimental where there is an acetabular component, or a shattered ileum (where inserting the pins would be very difficult if not impossible), and these injury patterns seem to be logical contraindications to external fixation unless the frame is fixed to the femur on that side.
There is an inherent mechanical flaw in the use of anterior frames to improve pelvic fracture compression/motion in that they can only compress the anterior pelvis, relying on intact sacroiliac ligaments and bone posteriorly. If these are not intact, movements continue and volume increase can still occur, and it is for this reason that Ganz and his colleagues designed a posterior clamp (the "antishock" clamp) and reported haemodynamic improvement in two of five patients. 6 
There is no evidence to suggest any particular anterior frame is superior to others in effectiveness, though some are easier to apply than others.20 23 Laparotomy in a patient with haemorrhage from pelvic fractures can lead to a loss of tamponade and acceleration of bleeding. The principle that external fixation should be applied before the abdomen is opened is now widely accepted. Ghanayem et al24 studied this by creating unstable pelvic fractures in cadavers. They found pelvic volume to be 26% larger in those not externally fixed before laparotomy. Therefore if an emergency laparotomy is indicated, unless surgical control of pelvic bleeding is to be attempted, external fixation should be applied before the skin incision.
INTERNAL FIXATION AND SURGICAL CONTROL OF BLEEDING
There is a marked difference between the Americans and the continental Europeans on this subject, with the Europeans such as Pohlemann, Ganz, Schutz, and Heini"8 22 favouring direct haemorrhage control if possible, packing, and internal fixation, while the majority of American clinicians feel the surgery is difficult and ineffective, preferring to use angiographic embolisation. Mucha and Farnell' describe such surgery as "fraught with failure." Tile20 believes that identification of bleeding vessels and ligation is difficult and likely to be ineffective because of the rich collateral network in the pelvis, with a loss of tamponade when the peritoneum is incised. They claim that internal fixation is contraindicated in the first few hours for this reason, and favour embolisation.
In contrast, Goldstein et al2" favour early internal fixation, but to improve early mobilisation rather than for haemorrhage control, and use angiography and embolisation when necessary before surgery.
Gruen et al '6 similarly favour early open reduction and internal fixation (ORIF) following angiographic embolisation to control bleeding, never using external fixation. In a retrospective study on There is clearly a marked difference in approach between the continental Europeans and the Americans on this issue. There is no hard evidence to support either view, and the approach taken partly depends on logistical factors. As Bircher points out,26 German specialist trauma centres are staffed by senior trauma surgeons, able to stabilise the pelvis and deal with abdominal haemorrhage, whereas the need to involve various specialties in the USA or the United Kingdom can make performing aggressive early surgery difficult.
PNEUMATIC ANTISHOCK GARMENT
The modern version of the pneumatic antishock garment (PASG), or MAST suit, came into civilian use after the Vietnam war, and rapidly became standard equipment in prehospital care in the USA. There is some evidence that it can help in the tamponade of pelvic haemorrhage2 27-29 and if fitted in the prehospital phase it can be left on until the external fixator is applied. As it is rarely used in the United Kingdom,30 PASG will not be discussed further.
ANGIOGRAPHY AND EMBOLISATION
The possibility of identifying bleeding vessels angiographically and occluding them with embolic material was recognised in the 1970s in the USA, and has now been reported from several institutions. Considerable preplanning and organisation are required, in addition to prompt availability of a radiologist experienced in angiography. Experience of this technique in the United Kingdom appears to be limited, with only sporadic use in a few centres.
The first large series published was that by Matalon et al in 1979' -28 patients, in 20 of whom active bleeding was demonstrated. They reported angiographic control of bleeding in 18 of these 20, and clinical control in 17. All patients with pelvic fractures and clinical evidence of associated bleeding were included in the study; angiography was performed within 48 hours of admission, though the authors comment that increasing experience led to earlier angiography as the study progressed. Similarly, Panetta et al2' used angiographic embolisation in 31 patients with pelvic fractures who required more than four units of blood in 24 hours, or six in 48 hours. This was a prospective study, but no alternative treatment limbs were used, and complete control of haemorrhage was claimed in 27 (87%), though this was based on repeat arteriography rather than on clinical measurement and outcome. Panetta also notes that the procedure takes on average two and a half hours.
Ben-Menachem et al' have several times reported favourable results from early embolisation, and have "experienced angiographers and technicians standing by to perform angiography at a moment's notice." Like Burgess et a!9 he favours external fixation in Figure 1 Resuscitation protoco the resuscitation phase, pointing out that it Imaging the abdomen does not interfere with angiography as long as Clinical examination is known to be less reliable it is performed rapidly and "not infrequently in multiple trauma, and ATLS (advanced obviates the needfor embolisation." trauma life support) recommends that diagnosThere are few publications critical of angi-tic peritoneal lavage is performed to identify ographic embolisation and they tend to be occult intraperitoneal injury. In Europe, and rather dated, although there is widespread increasingly in the United Kingdom, many agreement that the technique will only show a hospitals use ultrasound for this purpose suitable bleeding vessel in 10-15% ofhaemody-(Ohiorenoya D, Hilton M, personal communinamically compromised patients. Rothenberger cation), or computerised tomography in stable et al,"2 for example, found that in only six of 72 patients. The role of diagnostic peritoneal lavage pelvic fatalities was there bleeding from a single has been questioned in the presence of severe vessel that they judged to be controllable by pelvic fractures, because of reported high false operative or angiographic measures.
positive rates varying from 12.5%18 to 29%.'9 In these highly selected patients, embolisa-There are several possible reasons for this: antetion seems to be very effective. Mucha ultrasound competently,39 but frequent use of the skill is required to maintain expertise. In the United Kingdom it is more appropriate in all but those few hospitals with high trauma loads for the ultrasound to be performed by radiologists.
Conclusions
The absence of randomised trials in this field makes firm conclusions difficult, and to some extent management of patients exsanguinating from pelvic fractures will depend on local logistical factors. We believe that "best practice" within the constraints of our current United Kingdom trauma system is as follows:
(1) All patients presenting in the United Kingdom with pelvic fractures and haemodynamic instability should be managed in fully staffed accident and emergency departments, preferably by trauma teams led by consultants or experienced middle grade staff, according to ATLS principles. An algorithm is shown in fig 1 ( by kind permission of M Bircher,"6 with minor changes).
(2) All such patients need to have a diagnostic peritoneal lavage or ultrasound examination of the abdomen to diagnose or exclude intra-abdominal injury. If lavage is grossly positive for blood, or ultrasound positive for free fluid, the abdomen is the likely site of life threatening haemorrhage and immediate laparotomy is indicated, though fitting external fixation before making the skin incision is recommended. If lavage is negative or positive only on blood count, or ultrasound shows little or no fluid, attention should be turned to the pelvis as the source of severe haemorrhage. (3) External fixation should be applied in the resuscitation phase in all haemodynamically unstable patients with pelvic ring fractures. (4) In hospitals with the necessary angiographic resources, angiography should be considered in patients who appear to be actively bleeding despite external fixation, correction of clotting abnormalities, and where other sites of bleeding have been excluded. The evidence for benefit in carefully selected patients is strong. A role in the United Kingdom for surgical control of haemorrhage, with packing and early internal fixation, is unclear. The success reported from Hannover' and other centres is probably partly due to their trauma system as a whole, resulting in a concentration of very traumatised rapidly transported victims: different treatment protocols are needed in this setting and may not be applicable to the United Kingdom unless major changes to our trauma system were to be instituted.
